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ﬂow of copper water ﬂuid in the asymmetric horizontal channel , the mathematical formulation is
presented, the resulting equations are solved exactly. The obtained expressions for pressure gradient ,
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tion number and Bejan number are described through graphs for various pertinent parameters. The
streamlines are drawn for some physical quantities to discuss the trapping phenomenon.
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A recent research refer on ﬂow of heat and nanoparticle concen-
tration transfer phenomena in a channel/tube has increased con-
siderably due to growths in the electronic industry, micro
fabrication technologies, biomedical engineering and science, etc.
Moreover, the interaction between peristalsis, heat and nanoparti-
cle concentration transfer has been premeditated freshly. Heat
transfer in biological tissues involves complicated processes such
as heat conduction in tissues, heat convection due to blood ﬂow
through the pores of tissue, in addition to radiation heat transfer
between a surface and its environment and there is also
Nanoparticle concentration transfer in these processes. The ﬁrst
investigation on nanoﬂuids was given by Choi [1] who veriﬁed that
the suspension of solid nanoparticles with typical length scales of
1–50 nm with high thermal conductivity enhances the effective
thermal conductivity and the convective heat transfer of the base
ﬂuid. An elaborated study of nanoﬂuids was examined by
Buongiorno [2].
The study of the peristaltic transport of a ﬂuid in the presence of
an external magnetic ﬁeld and rotation is of great importance with
regard to certain problems involving the movement of conductive
physiological ﬂuids, for example, blood and saline water. Pandeyand Chaube [3] investigated an analytical study of the MHD ﬂow
of a micropolar ﬂuid through a porous medium induced by sinu-
soidal peristaltic waves traveling down the channel wall. Akbar
and Butt [4] studied the physiological transportation of Casson
ﬂuid in a plumb duct. They said that ﬂuid is electrically conducting
in the presence of a uniform magnetic ﬁeld and developed analyt-
ical solution under long-wavelength and low-Reynolds number
approximations. Ebaid [5,6], Haroun [7], Mekheimer [8] and
Nadeem and Akbar [9,10] coated the peristaltic ﬂow phenomena
in different geometries for different ﬂuid models.
In thermodynamics, entropy is a measure of the number of
speciﬁc ways in which a thermodynamic system may be arranged,
often taken to be a measure of disorder, or a measure of progress-
ing towards thermodynamic equilibrium. Non-Newtonian .ﬂuid
ﬂow in a pipe system with entropy generation is considered by
Pakdemirli and Yilbas [11]: according to them entropy number
increases with increasing Brinkman number. Souidi et al. [12] dis-
cussed entropy generation rate for a peristaltic pump. Entropy gen-
eration due to heat and ﬂuid ﬂow in backward facing step.ow with
various expansion ratios is studied by Abu-Nada [13]. Further liter-
ature on the topic includes Refs. [14–32].
Therefore, in view of all above discussion the goal of this study
was to analyze the entropy generation in heat conducting nanoﬂu-
ids in the presence of induced magnetic effect. While the analysis
could be applied to any nanoﬂuid, a copper–water nanoﬂuid is
used as the model due to the accessibility of its physical properties.
We also consider thermal conductivity model with Brownian
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particle volume fraction and temperature dependence. The analy-
sis is performed under the well-established long wavelength and
low Reynolds number approximations. The exact solution for the
stream function, temperature and pressure gradient is given. All
the physical features of the problems have been described with
the help of graphs.
Mathematical formulation
Here we discussed an incompressible peristaltic ﬂow of copper
nano ﬂuid in an irregular channel with channel width d1 þ d2.
Asymmetry in the ﬂow is because of propagation of peristaltic
waves of different amplitudes and phases on the channel walls.
An external transverse uniform constant magnetic ﬁeld H0,
induced magnetic ﬁeld H hX X;Y ; tð Þ;H0 þ hY X;Y ; tð Þ;0ð Þ and the
total magnetic ﬁeld Hþ hX X;Y; tð Þ;H0 þ hY X;Y ; tð Þ;0ð Þ are taken into
account. Finally the channel walls are considered to be nonconduc-
tive Sinusoidal wave propagating beside the walls of the channel
with continuous hustle c1. Disproportionate in the canal ﬂow is
reserved due to the subsequent hedge surfaces terminology:
Y ¼ H1 ¼ d1 þ a1 cos 2pk X  c1t
  
;
Y ¼ H2 ¼ d2  b1 cos 2pk X  c1t
 þx : ð1Þ
In the above equations a1 and b1 denote the waves amplitudes, k is
the wave length, d1 þ d2 is the channel width, c1 is the wave speed, t
is the time, X is the direction of wave propagation and Y is perpen-
dicular to X.
Equations governing the ﬂow and temperature in the presence
of heat source or heat sink and the equation which governs the
MHD ﬂow are given as
(i) Maxwell’s equations [8,15–17]$ H ¼ 0; $  E ¼ 0; ð2Þ
$ ^H ¼ J; J ¼ rfEþ leðV ^HÞg; ð3Þ
$ ^ E ¼ le
@H
@t
; ð4Þ
The continuity equation(ii)$  V ¼ 0 ð5Þ
The equations of motion(iii)qnf
@V
@t
þ V  $V
 
¼ $pþ lnf div V  $
1
2
le H
þ 2 
 le Hþ:$
 
H ð6Þ
The energy equation(iv)
 
qcð Þf
@T
@t
þ V  $T ¼ $  knf $T ð7ÞTable 1
Thermal-physical properties of water and nanoparticles.
Physical properties Water (H2O) Copper (Cu)
q (kg m3) 997.1 8933
Cp 4179 385
b 105 ðK1Þ 21 1.67
k, Wm1 (K1) 0.613 401Combining Eqs. (2)–(4), we obtain
@Hþ
@t
¼ $ ^ V ^Hþ þ 1
n
$2Hþ; ð8Þ
where f ¼ rle is the magnetic diffusivity, r is the electrical conduc-
tivity, le is magnetic permeability qnf is the effective density of the
incompressible nano ﬂuid, qcð Þnf is the heat capacity of the nano
ﬂuid, qcð Þp gives effective heat capacity of the nano particle mate-
rial, knf implies effective thermal conductivity of nano ﬂuid, lnf is
the effective viscosity of the ﬂuid, d=dt gives the material timederivative, p is the pressure. The appearance of static and wave
structures is connected by the subsequent associations
x ¼ X  ct; y ¼ Y;u ¼ U  c;v ¼ V : ð9Þ
The dimensionless parameters used in the problem are deﬁned
as follow
p ¼ a
2
lf ck
p; v ¼ k
ac
v ; u ¼ u
c
; x ¼ x
k
; y ¼ y
a
; t ¼ c
k
t; x ¼ b
a
;
Re ¼ qca
lf
; d ¼ a
k
; h ¼ T  T0
T1  T0 ; Br ¼ EcPr;
U ¼ U
H0a
; W ¼ W
ca
; Rm ¼ rleac;
hx ¼ Ux; hy ¼ Uy; S1 ¼
H0
c
ﬃﬃﬃﬃﬃ
le
q
r
; anf ¼ kqcð Þf
; s ¼ qcð Þp
qcð Þf
: ð10Þ
After using the above non-dimensional parameters and transforma-
tion in Eq. (9) employing the assumptions of long wavelength
d! 0ð Þ, the dimensionless governing equations
withoutusingbars;u ¼ @W
@y ; v ¼  @W@x
	 

for nanoﬂuid in the wave
frame take the ﬁnal form as
@u
@x
þ @v
@y
¼ 0; ð11Þ
dp
dx
¼ A @
3W
@y3
þ Re S21Uyy; ð12Þ
dp
dy
¼ 0; ð13Þ
Uyy ¼ Rm E @W
@y
 
; ð14Þ
knf
kf
@2h
@y2
þ BrA @
2W
@y2
 !2
¼ 0 ð15Þ
Putting Eqs. (14) into Eq. (12) we get
dp
dx
¼ A @
3W
@y3
þ Re S21Rm E
@W
@y
 
; ð16Þ
Taking derivative of above equation with respect to y ﬁnally we get
A @
4W
@y4
þ Re S21Rm 
@2W
@y2
 !
¼ 0; ð17Þ
The non-dimensional boundaries will take the form as
W ¼ F
2
;
@W
@y
¼ 1; at y ¼ h1: ð18Þ
W ¼  F
2
;
@W
@y
¼ 1; at y ¼ h2: ð19Þ
h ¼ 0 at y ¼ h1; h ¼ 1 at y ¼ h2; ð20Þ
U ¼ 0 at y ¼ h1; U ¼ 0 at y ¼ h2; ð21Þ
The pressure rise Dp, axial induced magnetic hx and current density
Jz in non-dimensional form are deﬁned as
Fig. 1. Variation of pressure gradient dp=dx for different ﬂow parameters.
Fig. 2. Variation of pressure rise Dp for different ﬂow parameters.
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Z 1
0
dp
dx
dx; ð22Þ
hx ¼ @U
@y
; ð23Þ
Jz ¼ 
@hx
@y
: ð24Þ
The effective density qnf , speciﬁc heat cp
 
nf and thermal expansion
coefﬁcient bnf of nanoﬂuids are given by [18]qnf ¼ 1 /ð Þqf þ /qf ;
qcp
 
nf ¼ 1 /ð Þ qcp
 
f þ / qcp
 
s;
qbð Þnf ¼ 1 /ð Þ qbð Þf þ / qbð Þs:
ð25Þwhere the subscript nf, f and s stand for the nanoﬂuid, base ﬂuid and
nanoparticle, respectively and / is the solid volume fraction, it is
observed that above mentioned literature properties of Eq. (25)
are considered to be independent of the movement of nanoparti-
cles. The Brownian motion is claimed to play an important role in
Fig. 3. Variation of temperature proﬁle h for different ﬂow parameters.
Fig. 4. Variation of axial induced magnetic ﬁeld hx for different ﬂow parameters.
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Among the existing models that predict the thermal conductivity
and viscosity of nanoﬂuids with considering the Brownian motion,
the models proposed by Koo and Kleinstreuer [18,19] are utilized
in the present study. These models have successfully been used
by Ghasemi and Aminossadati [14] to study the effects of
Brownian motion on laminar steady-state natural convection in a
right triangular enclosure with localized heating on the vertical
side. Note that these models were proposed based on water with
copper oxide nanoparticles. Although the extension to othercombinations of base liquids and nanoparticles may be justiﬁed,
the material of the nanoparticles being considered in the present
study are limited to copper oxide, silver, titanium dioxide and cop-
per. In these models, it is assumed that the thermal conductivity
and viscosity of nanoﬂuids consist of two parts. One is referred to
as the static part (ks, ls) that is evaluated by mixture models, i.e.,
the Maxwell model for thermal conductivity and the Brinkman
model for viscosity [14], and the other part (kB, lB) is attributed
to the Brownian motion. The expression for predicting the effective
thermal conductivity of nanoﬂuids appears as
Fig. 5. Variation of current density Jz for different ﬂow parameters.
Fig. 6. Variation of velocity proﬁle u for different ﬂow parameters.
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where Kf is given by the
Kf ¼ knf
kf
¼
2ks/log10
kf þks
2kf
	 

kskf  /þ 1
2kf /log10
kf þks
2kf
	 

kskf  /þ 1
0
BBB@
1
CCCA ð27Þ
and kB is expressed as [14]kB ¼ 5 104c1/ qcp
 
f
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
jTenv
qsds
s
F Tenv ;/ð Þ; ð28Þ
where j is the Boltzmann constant and its value is
j  1:38 1023 J=K;ds is the diameter of nanoparticles by assum-
ing that these nanoparticles have a uniform size and are perfectly
spherical i,e ds ¼ 30 nm, Tenv is a reference temperature that is cho-
sen as T0 in the current study, c1 is a function of the volume fraction
/ of nanoparticles, which is given by
Fig. 7. Variation of entropy Ns with for different ﬂow parameters.
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0:0137 100/ð Þ0:8229 for / < 0:01
0:0011 100/ð Þ0:7272 for / > 0:01
(
ð29Þ
and the function FðTenv ;/Þ is given by
F Tenv ;/ð Þ ¼ 6:04/þ 0:4705ð ÞTenv þ 1722:3/ 134:63ð Þ; ð30Þ
which is valid for 0:01 6 / 6 0:04 and 300 K 6 Tenv 6 325 K.
We choose Tenv ¼ 300 K in the present study, for the expression
for the thermal conductivity, the thermal diffusivity of nanoﬂuids
is then given by
anf ¼ knfqcp
 
nf
ð31Þ
Likewise, as given in [18], the effective viscosity of nanoﬂuids is
given by
A ¼ lnf ¼ ls þ lB ð32Þ
where ls is evaluated by Brinkman model
ls ¼ lnf 1 /ð Þ2:5 ð33Þ
and lB is expressed as
lB ¼ 5 104c1/qnf
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
jTenv
qsds
s
F Tenv ; fð Þ ð34Þ
The thermophysical properties, obtained from [20–22], for pure
water, copper are listed in Table1.Viscous dissipation and entropy generation
The dimensional viscous dissipation term U can be obtained
from equations of motion, i.e, [31,32]
U ¼ lnf 2
@u
@x
 2
þ @v
@y
 2 !
þ @u
@y
þ @v
@y
 2 !
; ð35Þ
The dimensional volumetric entropy generation is deﬁned as
[31,32].
S000gen ¼
knf
h20
@T
@x
 !2
þ @T
@y
 !20@
1
Aþ Uh0 ; ð36Þ
Dimensionless form of the entropy generation is given as:
Ns ¼ S
000
gen
S000G
¼ knf
kf
 
@h
@y
 2
þ h0Br
lnf
lf
 !
@u
@y
 2
; ð37Þ
where
S000G ¼
kf ðT1  T0Þ2
h20d
2
1
; Br ¼
c2lf
kf ðT1  T0Þ
; h ¼
h0
ðT1  T0Þ
:
Eq. (37) consists of two parts. The ﬁrst part is the entropy genera-
tion due to ﬁnite temperature difference (Nscond) and the second
part is the entropy generation due to viscous effects (Nsvisc). The
Bejan number is deﬁned as [32]
Nscond
Nscond þ Nsvisc : ð38Þ
Fig. 8. Variation of Bejan number Be with for different ﬂow parameters.
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The exact solutions of the above equations are found as follows
W yð Þ ¼
A
cosh
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 

sinh
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 
0
BBB@
1
CCCA
C1 sinh
2
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 
þ
C1 cosh
2
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 
þ C2
0
BBB@
1
CCCA
ReRmS
2
1
þC3 þ C4y; ð39ÞFig. 9. Stream lines of Pure H2O for different values of Rm . (a) for Rm ¼ 1:0, (b
Q ¼ 2; a ¼ 0:7; b ¼ 0:8; d ¼ 2:0 S1 ¼ 1;x ¼ p6.h yð Þ ¼ 
A2Br C21  C22
	 

sinh 2
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 
þ A2Br C21 þ C22
	 

cosh 2
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 
þ
4ReRmS
2
1 ABrC1C2y
2  Kf ðC5 þ C6yÞ
 
0
B@
1
CA
4KfReRmS
2
1
ð40Þ
dp
dx
¼
A2 2C1R
3=2
e R
3=2
m S1
A3=2
 R3=2e R3=2m S1ðC1þC2Þ
A3=2
	 

ReRm
þReRmS21
ﬃﬃﬃ
A
p
ðC1 þ C2Þﬃﬃﬃﬃﬃ
Re
p ﬃﬃﬃﬃﬃﬃ
Rm
p
S1
 2
ﬃﬃﬃ
A
p
C1ﬃﬃﬃﬃﬃ
Re
p ﬃﬃﬃﬃﬃﬃ
Rm
p
S1
 C4 þ E
 !
: ð41Þ) for Rm ¼ 1:5, (c) for Rm ¼ 2:0, (d) for Rm ¼ 2:5. The other parameters are
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2A ﬃﬃﬃﬃﬃRep ﬃﬃﬃﬃﬃﬃRmp S1ðC1  C2Þ sinh ﬃﬃﬃRep ﬃﬃﬃﬃRmp SyﬃﬃAp
 
2A ﬃﬃﬃﬃﬃRep ﬃﬃﬃﬃﬃﬃRmp S1ðC1 þ C2Þ cosh ﬃﬃﬃRep ﬃﬃﬃﬃRmp SyﬃﬃAp
 
þ
2R3=2e R
3=2
m S
3
1yðE C4Þ
0
BBBBB@
1
CCCCCA
2R3=2e
ﬃﬃﬃﬃﬃﬃ
Rm
p
S31
þ C8
ð42ÞJz ¼ 
2
ﬃﬃﬃ
A
p
ReRmS
2
1ðC1 þ C2Þ sinh
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 
 2
ﬃﬃﬃ
A
p
ReRmS
2
1ðC1  C2Þ cosh
ﬃﬃﬃ
Re
p ﬃﬃﬃﬃ
Rm
p
Syﬃﬃ
A
p
 
þ
2R3=2e R
3=2
m S
3
1ðE C4Þ
0
B@
1
CA
2R3=2e
ﬃﬃﬃﬃﬃﬃ
Rm
p
S31
ð43ÞThe mean volume ﬂow rate Q over one period is given as
Q ¼ F þ 1þ d: ð44Þ
C1—C8 are constants evaluated using Mathematica 9.
Results and discussion
To study the behavior of the solutions, for several values , mag-
netic Reynolds number Rm, Strommer’s number S1 and volume ﬂow
rate Q have been carried out for both pure water and copper water.
The effect of the Q on the pressure gradient is illustrated in
Fig. 1(a). It is seen, that increase in the value of Q has resulted in
the decrease of pressure gradient. Moreover, it is also observed that
the effect of Q on pressure gradient is least in case of pure water
where as the effect of Q is relatively larger in case of copper water.
The variation of Rm and S1 on pressure gradient is shown in Fig. 1(b
and c), it shows that pressure gradient is increasing on an increase
in Rm and S1, for both types of ﬂuid.
In order to analyze pumping characteristics, numerical integra-
tion is performed and results show the variation of pressure rise
per wavelength Dp against time average ﬂux Q ¼ F þ 1þ dð Þ in
Fig. 2(a and b). Fig. 2(a) depicts that as we increase the value of
Rm, then pressure rise increases in the region ðDp > 0; Q < 0Þ,
but Dp decreases in the region ðDp < 0; Q > 0Þ, Fig. 2(b) shows
the effect of S1 on pressure rise, it is observed that pressure rise
shows the same behavior which is shown for Rm. Fig. 3(a–c) to
understand the variation of temperature distribution for different
values of Br, Rm and S1: Fig. 3(a) shows that h increases as we
increase Br for both types of ﬂuid .When we observe Fig. 3(b and c),Fig. 10. Stream lines of H2O + Cu for different values of Rm. (a) for Rm ¼ 1:0, (b
Rm ¼ 1; a ¼ 0:7; b ¼ 0:8; d ¼ 2:0 S1 ¼ 1;x ¼ p6.the same trend is observed for magnetic Reynolds number Rm
and Strommer’s number S1 respectively, we have observed that
by increasing Rm and S1; h is decreasing.
Fig. 4(a and b) shows the variations of magnetic Reynolds and
Stommer’s number on an axial induced magnetic ﬁeld hx versus
y. It is interesting to note that in the below region of the channel,
the axial induced magnetic ﬁeld is in one direction. However, it
is in the opposite direction in the upper region of the channel.The Fig. 4(a) displays that the magnitude of hx increases when Rm
increases near the lower wall of channel, but the decreasing trend
is noticed in the other region of the channel keeping Rm increased.
On the other hand, the effects of S1 on hx are quite opposite in com-
parison to Rm.
In Fig. 5(a and b) the current density jz is shown as a function of
y for Three different values of Rm and S1 respectively, both of these
ﬁgures are of parabolic type, it is shown in Fig. 5(a) that by increas-
ing Rm, jz also increases but from Fig. 5(b) shows jz decrease as the
values of S1 increase.
We have plotted Fig. 6 to illustrate the effects of pertinent
parameters on velocity proﬁle (u). It is observed from Fig. 6(a) that
velocity proﬁle increases with increase in the value of Q.We have
presented Fig. 6(b and c) to obtain the variation of velocity proﬁle
u for varying the magnitude of the parameters Rm and S1 for both
types of ﬂuid. It depicts that velocity is decreasing with increase
of Rm in the middle of channel but along the walls of channel
velocity proﬁle increases by increasing the value of Rm and a sim-
ilar behavior is seen for S1.
We have presented Fig. 7 to obtain the variation of velocity
entropy generation number Ns for varying the magnitude of the
parameters Br;Rm, S1 and K. From Fig. 7(a) it depicts that Ns is
increasing with increase of Brinkman number. Fig. 7(b and c)
shows that Ns is directly proportional to the Rm and S1 throughout
the channel but cosiderable impact is not observed along the walls
for both types of ﬂuid and the impact of copper water is observed
more than pure water. Nevertheless Fig. 7(d) shows the higher
value of K displays least entropy, in the center of channel we have
seen that there is a rapid change.) for Rm ¼ 1:5, (c) for Rm ¼ 2:0, (d) for Rm ¼ 2:5. The other parameters are
Fig. 11. Stream lines of Pure H2O for different values of Q. (a) for Q ¼ 2:1, (b) for Q ¼ 2:2, (c) for Q ¼ 2:2, (d) for Q ¼ 2:3. The other parameters are
Q ¼ 2; a ¼ 0:7; b ¼ 0:8; d ¼ 2:0 S1 ¼ 1;x ¼ p6.
Fig. 12. Stream lines of H2O + Cu for different values of Q. (a) for Q ¼ 2:1, (b) for Q ¼ 2:2, (c) for Q ¼ 2:2, (d) for Q ¼ 2:3. The other parameters are
Q ¼ 2; a ¼ 0:7; b ¼ 0:8; d ¼ 2:0 S1 ¼ 1;x ¼ p6.
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respect to change in different physical constraints involved.
Fig. 8(a) depicts that with the increase in Brinkman number, there
is a decrease in Bejan number in middle of channel but opposite
behavior is shown along the lower and upper walls of channel. In
Fig. 8(b and c) show the variation of Bejan number for different val-
ues of Rm and S1 respectively,we see that near the lower wall Bejan
number is increasing by increasing the values of Rm and S1 but
opposite behavior is shown along middle of the channel and upper
wall. We have observed in Fig. 8(d) that there is an opposite behav-
ior for K as compared to Rm and S1.
Another important phenomenon in peristaltic transport is trap-
ping. The formation of an internally circulating bolus of ﬂuid by
closed streamlines is called trapping and is pushed ahead alongwith
the peristaltic wave. The physical phenomena may be responsible
for thrombus formation in blood and the movement of food bolus
in gastrointestinal tract. Figs. 9 and 10 show contour maps for the
streamlines with four values of Rm Rm ¼ 1:0; Rm ¼ 1:5; Rm ¼ð
2:0; Rm ¼ 2:5Þ for both pure water and copper water. It is noticed
that bolus becomes Smallerwhenwegive greater values to themag-
netic Reynolds number Rm. Figs. 11 and 12 show the effect of ﬂow
rate Q on streamlines for pure water and copper water respectively
it is shown that bolus becomes large as larger values of Q.
Conclusion
Interaction of copper nanoparticles for the peristaltic ﬂow with
the induced magnetic ﬁeld is discussed, key points are observed as
follows:
1. It is observed that effect of ﬂow rate on pressure gradient is
least in case of pure water where as the effect of ﬂow rate is rel-
atively larger in case of copper water.2. It is observed that temperature increases as we increase
Brinkman number for both types of ﬂuid.
3. It is observed that in the below region of the channel, the axial
induced magnetic ﬁeld is in one direction. However, it is in the
opposite direction in the upper region of the channel for mag-
netic Reynolds number.
4. It is observed that velocity is decreasing with increase of mag-
netic Reynolds number in the middle of channel.
5. It is observed that Entropy generation number is increasing
with increase of Brinkman number.
6. It is observed that Bejan number is increasing by increasing the
values of Rm and S1but opposite behavior is shown along middle
of the channel and upper wall.
7. It is noticed that size, of bolus becomes larger when we give
greater values to the ﬂow rate , for both pure water and copper
water.
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